Background: To investigate the impact of initial antifungal therapeutic strategies on the prognosis of invasive Candida infections (ICIs) in intensive care units (ICUs) in China.
Background
Invasive fungal infection (IFI) is one of the most common in opportunistic infections for critically ill patients [1] . Recently, IFI incidences in intensive care units (ICUs) have increased year by year with improvements in hygiene, disease management, and life support technology [2] . Invasive candidiasis infection (ICI) is the most common and important part of IFI [3, 4] . Candidemia is responsible for 7-10% of nosocomial bloodstream infections, and Candida is located in the top five most common pathogens [5] [6] [7] . The 6.9 per 1000 candidemia incidence of ICU patients and 7.5% of prevalence of antifungal agents administered have been reported [8, 9] . ICI, mostly candidemia, increases the mortality rate, represents longer lengths of ICU or hospital stay, and uses a great deal of healthcare expenses and resources [3, 4, 10] . Thus, finding an appropriate treatment strategy for the best ICI treatment is an issue that needs to be resolved.
Anti-infection strategies for ICI are complex processes that include both clinical diagnosis and treatment; delayed treatments worsen the prognosis, drug abuse leads to antimicrobial drug selection pressure, and wasting resources is an important clinical problem. Faced with ICIs in critically ill patients, we urgently need to know whether giving early empirical antifungal therapy, then adjusting according to clinical diagnosis circumstances, or waiting for the microbiological evidence to determine the start of the antifungal treatment is acceptable or not. Additionally, knowing the types of evidence to collect before we begin antifungal therapy would benefit patients' prognoses [direct culture detection or surrogate markers, such as Candida mannan antigens and antimannan antibodies and β-D-glucan, or polymerasechainreaction (PCR) assays]. Although many experts and proposed guidelines suggest prophylaxis, empirical, preemptive, targeted, and other various initial antifungal treatment strategies, there is no currently available evidence for the effectiveness of previously mentioned treatments in ICU patients. The China Survey of Candidiasis in the ICU (China-SCAN) study was performed to assess the current incidence, mortality, pathogen spectrum, management, treatment, and risk factors for ICI in China's ICUs [11] . The data from the China-SCAN study were used to investigate the impact of an initial antifungal therapeutic strategy on the prognosis of patients with ICIs in Chinese ICUs. We expect this study to provide a reasonable basis for how to select antifungal therapy strategies clinically.
Methods

Study design and patients involved
The China-SCAN study is the largest observational study on prevalence of ICI in China and was conducted between November 2009 and April 2011 in 67 participating ICUs distributed throughout China. The details of this study, including the study population, inclusion, and exclusion criteria were previously published [11] . All the participating hospitals accepted the central ethics committee (Ethics Committee of Zhongda Hospital of Southeast University) review or conducted a further, independent, ethics review according to their own institutional policy. This was registered with ClinicalTrials.gov (NCT01253954). During the China-SCAN trial, 306 out of 96,060 ICU patients from 67 centers throughout China were diagnosed with ICIs by direct detection of fungal infection. A total of 268/306 (87.6%) patients finally received antifungal therapy. The remaining 59 patients withdrew from or decided to forego comprehensive treatment, 29 of whom died in the hospital and 30 of whom were discharged at their request. Based on the initial antifungal therapeutic strategies received, all the patients included were divided into empirical (n = 142), pre-emptive (n = 53), and targeted (n = 73) therapy groups. Based on the clinical prognosis of patients who died in the hospital or completed treatment and were discharged at their physician's discretion, the population was further divided into survivor (n = 139) and non-survivor (n = 99) groups. Figure 1 presents a flowchart of patient screening and selection for this study.
Evidence for antifungal treatment and initial antifungal therapy strategy
Definition of infection
Based on the guidelines for the diagnosis and management of candidiasis issued by the Infectious Diseases Society of America [12] and the European Society of Clinical Microbiology and Infectious Diseases [13] , the evidence used to treat antifungal infection in the China-SCAN trial was divided into the following four categories:
(a) Clinical signs of infection diagnosed by the opinion of treating physician had to meet two or more of the following clinical features [14] : (i) body temperature ≥ 38 or < 36°C; (ii) respiratory rate ≥ 30 breaths per min; (iii) pulse rate ≥ 120 beats per min; and (iv) abnormal total peripheral white blood cell counts ≥ 10,000 or < 4000 per mm 3 , or immature neutrophils > 15%. (b) Risk factors of fungal infection: etiology-related factors such as neutropenia, hematological diseases, transplantation, surgery, and tumors; treatment-related factors, such as parenteral nutrition, broad-spectrum antibiotics, venous indwelling catheters, and other factors causing increased rate of fungal infection. (c) Microbiological evidence: Indirect evidence of fungal infections: serological parameters including
Galactomannan and β-D-glucan. The fungal colonization index was calculated [15] . The Candida colonization index (CCI) was calculated as the ratio of the number of culture-positive surveillance sites to the total number of sites cultured. A CCI ≥ 0.5 was considered as indirect evidence of invasive candidiasis in this study. Direct detection of fungal infections: blood and tissue specimens obtained from normally sterile sites were cultured. One thing to be mentioned, fungal combined bacterial infection, or even viral infection occurred in one patient maybe exist. So co-infection were not be systematically excluded.
Treatment options and outcomes
By combining evidence for the antifungal treatments mentioned above and actual clinical situations in mainland China hospitals, initial antifungal therapy began when patients met the following clinical features based on personal choice of the physician: (1) Empirical antifungal therapy: the patients had clinical signs of infection with any of the risk factors of fungal infection; (2) Pre-emptive antifungal therapy: the patients must have at least one indirect evidence of a fungal infection; (3)Targeted antifungal therapy: in addition to meeting the conditions for empirical antifungal therapy, the patients must have one direct evidence of a fungal infection.
Complete clinical efficacy was defined as elimination of all signs and symptoms of ICI, and accompanying radiographic resolution; partial efficacy was defined as improvement rather than complete elimination. Microbiological elimination was defined as negative culture from the original infection site.
Statistical analysis
Quantitative data with normal distributions are denoted as the means ± standard deviations. Student's t test or one-way analysis of variance (ANOVA) was performed to compare the means between the different groups. Abnormally distributed quantitative data were denoted using medians (interquartile ranges) and the rank-sum test was used to analyze these values. Data of unordered categories were denoted by rate, and differences in the rate between two groups were examined through a chi-square test. Survival curves for ICU and hospital duration were estimated using the KaplanMeier method, and a log rank (Mantel-Cox) test was used to estimate differences among these three antifungal therapies. Correlation between variables was tested by Spearman's coefficient of rank correlation. Variables found to be significantly associated with mortality with a P-value < 0.01 at univariate analysis were introduced into a logistic stepwise regression model. All significant variables with collinearity were excluded from the regression model. When deciding which covariates to retain as candidate predictors for the multivariable model, we considered the clinical relevance of each covariate. The adjusted odds ratio of dying and the 95% confidence interval for all independent factors associated with mortality were calculated. Statistical analyses were performed with SPSS 16.0 (SPSS, Chicago, IL, USA), and a P value of < 0.05 was considered significant. 
Results
Baseline characteristics and risk factors of fungal infection in ICI patients receiving antifungal therapy Table 1 presents the baseline characteristics of the patients whose data were analyzed in this study. As shown in the table, there were no significant cross-group differences in terms of gender, body weight, hospital stays before ICU admission, ICU and hospital stays before candidiasis onset, Acute Physiology and Chronic Health Evaluation (APACHE) II score and sequential organ failure assessment (SOFA) score on ICU admission, and accompanying underlying diseases. However, the age of patents receiving initial targeted antifungal therapy was higher than other two groups. Table 2 lists the risk factors of fungal infection present within 2 weeks (3 months for immunosuppressants) prior to study entry, or at diagnosis, among 268 patients with ICI who received antifungal therapy in the China-SCAN study. The indwelling arterial catheterized in a significantly lower proportion of patients in targeted therapy group compared with other two groups (P < 0.05). The immunocompromised state, antibiotic therapy, clinical procedures including life-sustaining treatments ≥ 24 h, central venous catheterization, drainage and urethral catheterization, gastrointestinal dysfunction, parenteral nutrition, and surgery showed no significant differences among the different therapy strategies.
Microbiological and clinical characteristics of ICI patients receiving antifungal therapy
The candidiasis source of this study population was mainly bloodstream infections, which accounted for 95.9% (257/268) of infections. Comparing the sources of candidiasis among the three therapy strategies, only the targeted group had more abdominal candidiasis infections (P = 0.026). C. albicans (107, 39.9%), C. parapsilosis (42, 15.7%), C. tropicalis (37, 13.8%), and C. glabrata (37, 13.8%) were the most prevalent species isolated, with mixed infection were identified in 2/107 (1.9%), 1/42 (2.4%), 1/37 (2.7%), and 1/37 (2.7%) patients who received antifungal therapy in this study. Further Candida species were identified in < 2% of samples. 22 (8.2%) fungal isolates with proven yeast forms that were most suggestive of Candida spp. could not be further characterized. Based on microbiological determination of MIC, the susceptibility to antifungal treatment was 89.9% (241/268) and the All patients receiving long-term hemodialysis c
As described according to APACHE II criteria: biopsy-proven cirrhosis and documented portal hypertension; episodes of past upper gastrointestinal bleeding attributed to portal hypertension; or prior episodes of hepatic failure/encephalopathy/coma complete resistance rate was 6% (15/268). There were no significant differences in the pathogenic Candida species, susceptibility and duration of initial antifungal medication between the three different treatment groups. However, the initial antifungal agents differed between the three groups, more caspofungin (37.7%) were used in pre-emptive group while more voriconazole (28.8%) were used in targeted group. Compared with empirical and targeted therapy group, the preemptive group showed significantly higher microbiological persistence (P = 0.011) and adjustment probability after initial antifungal therapy (P < 0.05).
In addition of microbiological characteristics, the clinical procedures and treatment outcomes of the 268 ICI patients who received antifungal therapy were also listed in the Table 3 . There were no significant differences in the APACHE II score, vasopressor administration, and catheterization at ICI diagnosis between the three different strategy groups. The SOFA score at ICI diagnosis and immunopotentiation therapy including immunoglobulin and thymosin were significantly higher while the central venous catheter removed within 48 h after first positive sample obtained were significantly lower in pre-emptive group than in other two groups (P < 0.05).
Among the 268 ICI patients who received antifungal therapy, the majority of patients (193/268, 72.0%) experienced clinical improvement, while complete clinical remission occurred in only (94/268, 35.1%) patients. In total, 59 patients withdrew from or decided to forego comprehensive treatment, of whom 29 died in hospital and 30 were discharged at their request. The overall ICU or hospital mortality rates lists here were based on the Continuous variables are expressed as the means ± SD or medians (IQR). All the other data are raw numbers (%) a Variables included steroid therapy, which defined as > 0.5 mg/(kg · day) −1 prednisone over 1 month (n = 7), cancer chemotherapy (n = 6), post-solid organ transplant immunosuppression (n = 1), allogeneic bone marrow transplantation or allogeneic haematopoietic stem cell transplantation (n = 1), and tumor necrosis factor therapy (n = 1) within 3 months prior to study entry b All patients receiving systemic drug therapy for ≥ 3 days within 2 weeks prior to study entry c Variables included patients who required treatments were catheterized within 2 weeks of the first positive sample no matter the catheter was removed or not before diagnosis d Variables included hemorrhage, food intolerance, perforation, surgery, acalculouscholecystitis or intra-abdominal hypertension patients who died in the hospital or completed treatment and were discharged at their physician's discretion. When all the 268 patients who received antifungal therapy were included, the overall ICU mortality rate in empirical, pre-emptive, and targeted therapy groups decreased to 42 (29.6%), 26 (49.1%), and 27 (37.0%), respectively (P = 0.039); and the overall hospital mortality rate in these three groups decreased to 43 (30.3%), 27 (50.9%), and 29 (39.7%), respectively (P = 0.025). Although Among 268 ICI patients receiving anti-fungal therapy in China-SCAN study, 59 patients withdrew from or decided to forego comprehensive treatment, of whom 29 died in hospital and 30 were discharged at their requests. The ICU or hospital mortality rate listed here was based only on patients who died in hospital or completed treatment and were discharged at their physician's discretion. The overall ICU mortality rate in empirical therapy, pre-emptive therapy, and targeted therapy groups decreased to 42 (29.6%), 26 (49.1%), and 27 (37.0%), respectively (P = 0.039); and the overall hospital mortality rate in these three groups decreased to 43 (30.3%), 27 (50.9%), and 29 (39.7%), respectively (P = 0.025) when all the 268 patients who received antifungal therapy were included duration of hospital stay and ICU stay after infection did not significantly differ among the three groups, the empirical therapy group had the highest clinical complete remission, lowest ICU mortality and hospital mortality compared to the other two groups (P < 0.01). From KaplanMeier analysis, the empirical therapy group had the highest survival probabilities after fungal infection for hospital duration (P = 0.021) rather than ICU duration (P = 0.117) (Fig. 2) .
Clinical differences between survivors and non-survivors receiving antifungal therapy
Analysis of the risk factors for mortality revealed a higher risk with increasing age and higher APACHE II score and SOFA score on ICU admission (P < 0.05). Among patients in the non-survivor group, the APA-CHE II score and SOFA score at the time of ICI diagnostic confirmation were significantly higher than those in the survivor group (P < 0.01). Additionally, vasopressor administration and central venous catheterization at ICI diagnosis occurred in a significantly higher proportion of patients in the non-survivor group compared with patients in the survivor group (P < 0.05). More importantly, the choice of initial antifungal therapy strategy differed significantly between the two groups (P = 0.004), more patients received empirical antifungal therapy in survivors than in non-survivors (P < 0.05) ( Table 4) .
Risk factors for hospital mortality in ICI patients receiving different antifungal therapy strategies
Variables found to be significantly associated with mortality with a P value < 0.01 at univariate analysis were introduced into a logistic stepwise regression model (Table 5 ). All significant variables with collinearity were excluded from the regression model. The first multivariate analysis was performed by introducing APACHE II and SOFA score on ICU admission as independent factors (Table 6 ) and the second one was performed by introducing APACHE II and SOFA score at ICI diagnosis as independent factors (Table 7) . This was motivated by the fact that both the collinearity between APACHE II on ICU admission and at ICI diagnosis (r 2 = 0.51, P < 0.001) and SOFA score on ICU admission and at ICI diagnosis (r 2 = 0.48, P < 0.001) were high. The results showed that the APACHE II score on ICU admission (odds ratio 1.047, P = 0.004), which suggested risk factor for poor prognosis. Compared with preemptive therapy strategy, the empirical therapy may be a protective factor for poor prognosis on ICU admission and at ICI diagnosis (odds ratio 0.327, 95% confidence interval 0.160-0.667, P = 0.002; odds ratio 0.351, 95% confidence interval 0.168-0.735, P = 0.006).
Discussion
IFI is one of the common infections in the ICU with a high level of mortality rate. A large number studies of anti-bacterial infection treatment suggested that prompt early empirical strategies of antibiotic usage is an important factor affecting anti-infection treatment effects and prognosis [16, 17] . However, whether this therapy strategy can be used in antifungal therapy remains unclear. In addition, previous studies relevant to the strategy of antifungal infections were carried out in fungal high-risk populations, including patients with non-fungal infections and confirmed fungal infections. Identification of patients at risk of Candida infections will inevitably impact the results for the appropriate antifungal treatment time. We selected 306 patients diagnosed with ICI from the China-SCAN study, which is the only study to assess antifungal therapy among patients in ICU diagnosed with ICIs. It excluded the highrisk patients with non-fungal infections, which maybe more Procedures within 2 weeks prior to diagnosis, n (%)
Life-sustaining treatments ≥ 24 h objective and valuable. Additionally, we are not targeted to specific populations for analysis, such as bone marrow transplantation, leukemia, or liver transplantation. Therefore, prophylaxis was not discussed here. This study revealed that the initial empirical antifungal therapy can reduce hospital mortality and have longer hospital duration for patients with severe ICIs compared with the pre-emptive therapy. The appropriate initial antifungal therapeutic strategy chosen was an independent predicting factor for the prognosis of severe ICIs. It seemed that initial empirical antifungal therapy could be critical to decrease hospital mortality. It has been recognized that early presumptive antifungal therapy is associated with improved clinical outcomes and reduced mortality of ICIs [18] [19] [20] . We also found similar results that empirical antifungal therapy All patients receiving long-term hemodialysis c As described according to the APACHE II criteria: biopsy-proven cirrhosis and documented portal hypertension; episodes of past upper gastrointestinal bleeding attributed to portal hypertension; or prior episodes of hepatic failure/encephalopathy/coma d Variables included steroid therapy, which defined as >0.5 mg/(kg · day) −1 prednisone over 1 month (n = 7), cancer chemotherapy (n = 6), post-solid organ transplant immunosuppression (n = 1), allogeneic bone marrow transplantation or allogeneic haematopoietic stem cell transplantation (n = 1), and tumor necrosis factor therapy (n = 1) within 3 months prior to study entry e Diagnostic confirmation of other sterile sites was based on positive fluid culture from a normally sterile site (cerebral spinal fluid, ascitic fluid or pleural fluid) in 10 (3.7%) cases and on histopathology in one patient (0.3%); Diagnosis was confirmed by candidaemia combined with positive culture from a normally sterile site in 3 (1.1%) cases f C. tropicalis, C. glabrata, and C. parapsilosis were the most prevalent non-C. albicans species isolated, which were identified in >98% of samples helps to improve clinical complete remission, reduce the incidence of persistent fungal infection rate, and lower the hospital mortality in patients with severe ICIs compared with pre-emptive therapy. As is well known, signs and symptoms of candidiasis are nonspecific, and microbiological and imaging techniques lack sensitivity and specificity. Thus, early diagnosis of invasive candidiasis remains a challenge. Several placebo-controlled studies revealed that pre-emptive therapy could not reduce the incidence of ICIs or survival free of invasive fungal infection [21, 22] . Knitsch, et al showed that pre-emptive therapy was non-effective in preventing ICIs in high-risk surgical ICU patients with intra-abdominal infections due to the drug being administered too late [23] . In contrast with empirical therapy, pre-emptive therapy must have indirect evidence for fungal infections that the widespread use of antifungal therapies must be balanced against the risk of toxicity, costs, and the emergence of resistance. In this study, the patients included had confirmed ICIs rather than suspected fungal infections or non-fungal infections. Therefore, the "diagnostic" advantage of pre-emptive therapy and targeted therapy did not exist. This may be an important reason for early empirical antifungal therapy that could significantly improve clinical outcomes in patients with severe ICIs.
It has been shown that the lack of experience in treatment leading to improper drug selection could be an important risk factor for poor prognosis [24] . The results of this study showed that during the initial antifungal treatment, the empirical therapy group selected more fluconazole; the pre-emptive therapy group selected more caspofungin; and the targeted therapy group selected more voriconazole, which were partly consistent with the recommended guidelines [12, 13] . In addition, there was no statistical significance in antifungal drug sensitivity and the duration of drug administration among these three strategies. This result suggested that depending on the combination of local epidemiological survey data and guidelines, pre-emptive and targeted antifungal therapy had no advantage than empirical therapeutic strategy in clinical efficacy and safety. Interestingly, we also found that the drug adjustments for pre-emptive therapy after the initial antifungal therapy was significantly higher compared with the empirical therapy and targeted therapy groups (P = 0.017) in this study. It further confirmed the credibility and feasibility of empirical antifungal therapy, which could be another important reason for empirical therapy that significantly improves the clinical prognosis of ICI patients. Conversely, delaying the start time of the antifungal infection treatment is undoubtedly detrimental.
It has been demonstrated that critically ill ICU patients have complicated conditions. In the initial treatment strategy of the antifungal treatment evaluation process, including the basic conditions of the patient (severity of illness, invasive operation, gastrointestinal function, recent surgical history, previously selected types of antibiotics and antifungal drugs and other factors) is important as these conditions are likely to have an impact on prognosis and assessment. To further enhance the objectivity and accuracy of the assessment, all these risk factors are compared using statistical analysis. Diagnostic confirmation was based solely on at least one positive blood culture in 257 (95.9%) cases. Only 27 (10.8%) cases finally proved incidence of a catheter-related blood stream infection, and the reason for the lower incidence has been reported by Hu, et al on behalf of China-SCAN [25] . There was no significant difference among the three different strategies for abdominal sources [26] . Similar to other studies [27] , the proportion of non-albicans Candida infection (60.1%) was higher than that of Candida albicans (39.9%) in this study population. Fortunately, the vast majority of Candida detected was susceptible to antifungal drugs. Because all patients in this study were diagnosed with ICI during hospitalization in ICU and the limitation of ICI occurrence influenced survival time after infection, it was more useful to compare the length of ICU and total hospitalization time to reflect the actual effectiveness of antifungal infection treatment. Therefore, Kaplan-Meier survival analysis revealed that ICI patients with initial pre-emptive antifungal therapy and initial targeted antifungal therapy were associated with a reduced hospital duration compared with patients with initial empirical antifungal therapy after confirmation of fungal infection (log-rank test: P = 0.021). This indicator was strongly demonstrated that early appropriate empirical antifungal therapy, which helps prolong the hospital survival time of patients with severe ICIs, may lay a solid foundation for reduced hospital mortality. Our study has several limitations. First, this study only included patients diagnosed with ICI, which may provide a more clear influence of different strategies on ICIs. However, we did not evaluate the role of different strategies for the patients with a suspected ICI but no ICI confirmation. Second, although the China-SCAN study was a multi-center, observational study, the results of this study were based on statistical analysis rather than a prospective study on treatment strategies. Therefore, another RCT is needed to further confirm the direct effect of different therapeutic strategies on bacteriological and clinical prognosis. Third, 59 patients withdrew from or decided to forego comprehensive treatment in this study, 29 of whom died in the hospital and 30 were discharged at their request. The ICU or hospital mortality rate listed here was based only on patients who died in the hospital or completed treatment and were discharged at their physician's discretion. We do not exclude the fact that this might have impacted the results of our statistical analysis.
Conclusions
In summary, the initial antifungal treatment strategy formulation is an independent risk factor for the prognosis of patients with an ICI. Selecting the appropriate timing of the initial antifungal treatment could help improve the clinical cure rate, reduce the incidence of persistent fungal infection, and lower hospital mortality in patients with severe ICIs. This finding is consistent with the treatment strategy of resistance to bacterial infections. However, this conclusion has yet to be confirmed by a prospective RCT study in the future. 
